In a number of previous studies (6) (7) (8) , it was shown that the loss of malic acid from slices of acidified leaves of CAM2 plants (i.e. leaves with high malic acid levels obtained at the end of the dark phase) depends mostly on the osmotic pressure of the incubation medium. The osmotic pressure of extracts of leaf slices, to a large extent (about 55%), appeared to be due to malic acid (6) . On the basis of such results, the following hypothesis is developed according to which osmotic gradients regulate storage and mobilization of malic acid in the leaf cells of CAM plants. Osmotically (5) , but the levels of malic acid accumulated during the night are up to 100 mm. Hence compartmentation of the malic acid synthesized must separate the product from the synthesizing enzyme. If just the large amounts of malic acid involved are considered, it follows that malate must be stored in the vacuoles, because in any of the smaller compartments of the cells excessive concentrations would be reached (5 The concentration gradient between the cytoplasm and the vacuoles must be quite steep and active transport into the vacuoles must be involved, since together with the fact that malate is synthesized, the Ki of PEP-carboxylase does not allow the presence of substantial amounts of malate in the cytoplasm. This argument, based on the known amounts of malic acid accumulated and the known properties of PEP-carboxylase, does not provide an obvious reason why the situation should change from a net influx of malic acid into the vacuole to that of a net efflux. One possibility might be that light will trigger this change, but this does not fully explain the point, since CAM also oscillates endogenously in constant darkness in a circadian rhythm (4, 10) .
The change of the system from net malic acid influx into the vacuoles to net efflux may be brought about by an increase in turgor due to an osmotic water flow accompanying malic acid accumulation in the vacuoles. So far, in small cells of higher plants turgor pressure cannot be measured directly. In view of the large amounts of malic acid involved, it seems reasonable to assume that turgor increases in this way. As shown in Figure lb , we postulate that at a critical turgor pressure the properties of the tonoplast change in an "all or none" reaction, so that passive loss of malic acid from the vacuoles becomes dominating. This postulation appears reasonable because (a) changes of molecular membrane structure caused by pressure are conceivable (see "Discussion", p. 347 of ref. 15); (b) the occurrence of a change between a net influx and a net efflux in a very narrow range of turgor pressure has actually been demonstrated in investigations of K+ fluxes in Valonia utricularis, where turgor pressure, membrane resistance, and membrane potential were recorded directly and simultaneously (15); (c) inhibitor studies show that loss of malic acid from cells of leaf slices into an external solution is a passive process (8) . The difficulty remaining with this postulation is that the tonoplast most likely cannot sustain much pressure difference across it and that the main pressure difference is across the plasmalemma, the cytoplasm and the vacuole being osmotically nearly equal. As discussed by Steudle and Kedem (14) , this does not preclude the localization of a pressure sensor in the tonoplast and the transformation of a pressure signal into a membrane reaction (e.g. malate flux across the tonoplast in the present context). According to a model developed by H. G. L. Coster and U. Zimmermann (personal communication), minimal pressure differences across a membrane (e.g. loo bar) may cause changes in thickness of a few Angstroms with the consequence of dramatic changes in membrane functions.
The malic acid coming from the vacuole and flooding the cytoplasm will inhibit PEP-carboxylase, and malate synthesis will be impossible until malate has come to a level low enough again to allow PEP-carboxylase activity and the cycle to start again. Three processes may be involved in reducing the malate level in the cytoplasm ( Fig. lc) Figure 2 shows that acidification (malic acid accumulation) in leaf slices is highly dependent on the gradient of osmotic pressure between the cells and the medium. Leaves were harvested at the end of the light period. Leaf slices were incubated in the dark for 13.5 hr at 15 C in mannitol solutions of varied osmotic pressure (7rmedium)-The osmotic pressures of extracts from these leaf slices at the end of the experiment are given in Table I . Changes of malic acid/g of initial fresh weight of the leaf slices are shown in Figure 2 . At low 7rrnediurn, the tissue loses malic acid to the medium. At higher 7medium, the leaf slices acidify rather well, the total production of malate is almost as good as in the control leaf on the intact plant. In other experiments, total malate production by the leaf slices was even somewhat in excess of that in the intact plant (Table II) . At rather high Wrmedium (7.5 atm in Fig. 2 Changes in malate levels (dmal Aseq-g-1 fresh wt-(3 hr)-1) in leaf slices which were acidified during the night (as described in the text) and then kept for 3 hr in the dark (D) and the light (L), respectively, in solutions of varied osmotic pressure at 25 C. '4C Incorporation into Malate in Acidifying Leaf Slices. 14C fixation experiments show that malate is formed during the period of acidification by dark fixation of CO2 in the leaf slices. pH 5.6, chosen to produce simnilar conditions as in the nonlabeling experiments, favors CO2 exchange with the atmosphere and loss of label from the incubation medium. Nevertheless about 50% of the radioactivity of the pulse given to the leaf slices was incorporated into organic matter. The bulk of this radioactivity was found in the malate fraction (Table IV) .
CONCLUSIONS
The experiments reported here show that the storage and mobilization patterns of malic acid in cells of CAM leaf slices are affected by the osmotic gradient between the cells and the medium exactly as predicted by our hypothesis. This hypothesis explains CAM as a "tension-relaxation rhythm," i.e. according to a principle which may generally apply to circadian oscillations in plants (1). Whether the salient features of our hypothesis elucidate why CAM has evolved just as a diurnal rhythm remains to be seen. Others, who explain diurnal oscillations of CAM by intrinsic oscillations of enzymes, claim that this property of enzymes has evolved in response to the natural day-night rhythm to which plants were exposed during evolution (9) . We can claim similarly that tonoplast structure and properties responding to pressure may have evolved in such a way. Neither of these claims can be proven, justified, or unjustified, but we feel that our hypothesis has the virtue of simplicity.
